Introduction {#S0001}
============

Etanercept is a recombinant human tumor necrosis factor (TNFR) p75Fc fusion protein and was originally developed for the treatment of moderate-to-severe active RA.[@CIT0001] SB4 is the first biosimilar for etanercept reference product (ETN) developed by Samsung Bioepis Co., Ltd, and was approved by the European Commission (EC) and the US Food and Drug Administration (FDA) through a demonstration of similarity in structural characteristics, physicochemical properties, in vitro biological activities as well as its therapeutic equivalence to ETN.[@CIT0002]--[@CIT0005]

A Phase I study in healthy subjects showed that pharmacokinetic (PK) is equivalent between SB4 and reference etanercept (ETN) using the standard equivalence margin of 80--125%.[@CIT0006] In a Phase III, randomized, double-blind, and parallel-group study comparing SB4 with ETN, SB4 was shown to be equivalent with ETN in terms of the American College of Rheumatology 20% (ACR20) response rate at week 24 (78.1% for SB4 and 80.3% for ETN) in moderate to severe rheumatoid arthritis.[@CIT0007] In the Phase I and III studies, patients received 50mg of etanercept subcutaneously via a prefilled syringe (PFS).[@CIT0006],[@CIT0007] PFS is made of clear glass (type I) with a 27-gauge, stainless steel needle, rubber needle cover, and rubber plunger.[@CIT0008],[@CIT0009]

Even though PFSs do not need to be reconstituted and offer greater patient convenience compared with vials, they can be difficult to use in patients with reduced manual dexterity.[@CIT0010] A systemic review showed that the median adherence rate for etanercept was 63% (range, 16--73%) in patients with rheumatoid arthritis.[@CIT0011] Low adherence to therapeutic regimen has negative consequences and can lead to substantial costs, increased disease flares, disease progression, increased disability, additional medical therapy, and sometimes surgery.[@CIT0012],[@CIT0013] Nonadherence can be intentional and nonintentional, and poor manual dexterity can impact the person's ability and skill at medicine-taking leading to unintentional nonadherence.[@CIT0013] In addition, patients who experience difficulty when injecting may experience unnecessary pain and increased overall treatment costs.[@CIT0014],[@CIT0015]

The autoinjector (AI) pen, which consists of type 1 glass with a stainless steel 27-gauge needle,[@CIT0008],[@CIT0009] was introduced to improve the injection experience in patients with reduced manual dexterity. This bridging study aimed to demonstrate equivalent PK profiles, safety, and tolerability between SB4 AI and PFS.

Materials and Methods {#S0002}
=====================

Subjects {#S0002-S2001}
--------

Healthy male subjects aged 18--55 years with a body weight between 60.0 and 85.5 kg and a body mass index between 20.0 and 28.0 kg/m2 were included. In addition, subjects, who had clinical laboratory results within the normal range or outside the normal range but assessed as clinically non-significant by the investigator at screening were included. Patients were excluded if they had any of the following criteria: either active or latent tuberculosis (TB) as indicated by a positive test result for Mycobacterium tuberculosis, history of TB at screening, previous exposure to etanercept, biological agent or immunosuppressive agent within 120 days prior to the first investigational product (IP) administration in Periods 1 and 2.

Study Design {#S0002-S2002}
------------

This is a Phase I, randomized, open-label, two-period, two-sequence, single-dose cross-over study in healthy male subjects performed at a single center in The Netherlands (EudraCT number: 2016-004993-16; ClinicalTrials.gov identifier: NCT03193203). Subjects were assigned 1:1 to either Treatment Sequence I in which they received SB4 PFS in Period 1 and SB4 AI in Period 2 or Treatment Sequence II in which they received SB4 AI in Period 1 and SB4 PFS in Period 2 with a washout period of 14 days between treatment periods ([Figure 1](#F0001){ref-type="fig"}). 50mg of SB4 AI or 50mg of SB4 PFS was administered subcutaneously (s.c.) in the abdomen. SB4's active substance is etanercept and its excipients include sucrose, sodium chloride, sodium dihydrogen phosphate monohydrate, disodium hydrogen phosphate heptahydrate, and water.[@CIT0008] Blood samples for PK analysis were collected for analysis.Figure 1Study design.**Abbreviation:** PK, pharmacokinetics.

Study Assessments {#S0002-S2003}
-----------------

### Pharmacokinetics (PK) Endpoints {#S0002-S2003-S3001}

The PK analysis set (PKS) included all subjects who were randomized and completed both Period 1 and Period 2 without any major protocol deviation. Reasons that may lead to exclusion from the PKS include incomplete administration of IP and other non-compliance with the protocol. Blood samples for PK analysis were collected at each time point at 0 h (pre-dose) and 6, 12, 24, 36, 48, 60, 72, 84, 96, 120, 144, 168, 216, 312 and 480 h post-dose. Serum concentration of etanercept was measured using an enzyme-linked immunosorbent assay (ELISA) test specific for the quantification of etanercept with the lower limit of quantification 20 ng/mL.[@CIT0006] The primary PK endpoints included area under the concentration--time curve from time zero to infinity (AUC~inf~) and to the last quantifiable concentration (AUC~last~), and maximum serum concentration (C~max~). The secondary PK endpoints were time to C~max~ (T~max~), apparent volume of distribution during the terminal phase (V~z~/F), terminal half-life (t~1/2~), and apparent total clearance (CL/F). To avoid a carryover effect, a subject with pre-dose concentrations greater than 5% of the C~max~ value before IP administration in Periods 1 and 2 was excluded.

### Safety {#S0002-S2003-S3002}

The safety set consists of all subjects who were randomized and received at least one IP. All adverse events (AEs) recorded from the study were coded using the Medical Dictionary for Regulatory Activities (MedDRA) Version 16.0. The assessment of safety was based 12-lead electrocardiogram (ECG), vital signs (including blood pressure and pulse rate measurements), physical examinations, and clinical laboratory data (hematology, biochemistry, and urinalysis). The incidence of treatment-emergent adverse events (TEAEs) by severity and causality and serious adverse events (SAEs) was summarized using the number of subjects and the frequency. Blood sampling for immunogenicity was performed at D1 prior to IP administration and at D21 in Period 2 at the end of the study.

### Tolerability via Injection Site Reaction Evaluation {#S0002-S2003-S3003}

Subjects were instructed to report any pain or itching after IP administration. In addition to their reporting, subjects' injection sites were assessed by the investigator or appropriate designees for 5 tolerability parameters: 1) Redness, 2) bruising, 3) swelling, 4) itching, and 5) pain immediately after IP administration at 0, 6 and 12 hrs after injection on Day 1 and then once daily from Day 2 to Day 8 of each period. Tolerability parameters followed a severity scale: None = 0, mild = 1, moderate = 2, and severe = 3. The Global Irritation Score (GIS), ranging from 0 to 15, was the sum of the individual grades. An injection site reaction with a score of 2 or greater was documented as an AE.

Statistical Analysis {#S0002-S2004}
--------------------

### Sample Size Calculation {#S0002-S2004-S3001}

With the equivalence limit of \[80.00%, 125.00%\], it was calculated that 19 subjects per treatment sequence were needed with the assumption of the true geometric mean ratio of 1.05 and intra-subject coefficient variation of 25% at 5% significance level, providing 90% power to reject the null hypothesis. Assuming a 15% drop-out rate, it was determined that a total of 46 subjects (23 per treatment sequence) were needed.

### PK Data Analysis {#S0002-S2004-S3002}

Analysis of variance (ANOVA) was performed on the log~e~-transformed PK parameters of AUC~inf~, AUC~last~, and C~max.~ The ANOVA model included treatment administration, sequence, and period as fixed effects and subject nested within the sequence as a random effect. Each ANOVA included calculation of least-square means (LSMeans) for the treatment administration. The assessment of bioequivalence was based upon the 90% CIs for the ratio of the geometric LSMeans (SB4 AI/SB4 PFS) for AUC~inf~, AUC~last~, and C~max~ which had to be contained completely within the bioequivalence limits of 80.00--125.00%. Subsequently, ANOVA on the log~e~-transformed PK parameters was performed in subjects with body weight ≤75 kg and \>75 kg, respectively. All PK parameters were calculated using PhoenixTM WinNonlin^®^ Version 6.3.

Results {#S0003}
=======

Subject Disposition {#S0003-S2001}
-------------------

Among a total of 116 screened subjects, 50 were eligible for randomization. 24 subjects were randomized to Treatment Sequence I and 26 subjects to Treatment Sequence II. Baseline demographic characteristics of 50 subjects were well balanced between the two sequences ([Table 1](#T0001){ref-type="table"}). Among 50 subjects, 44 completed the study, and 6 subjects discontinued from the study ([Table 2](#T0002){ref-type="table"}).Table 1Baseline Demographic Characteristics (Randomized Set)SB4 PFS/SB4 AI (N=24)SB4 AI/SB4 PFS (N=26)Total (N=50)Male, n (%)24 (100)26 (100)50 (100)Race, n (%) White, n (%)17 (70.8)19 (73.1)36 (72.0) Black or African American, n (%)4 (16.7)0 (0.0)4 (8.0) Asian, n (%)2 (8.3)2 (7.7)4 (8.0) American Indian or Alaska native, n (%)0 (0)1 (3.8)1 (2.0) Others, n (%)1 (4.2)4 (15.4)5 (10.0)Age (years) \[range\]33.7 ± 11.43 \[18--53\]30.8 ± 10.15 \[18--55\]32.2 ± 10.77 \[18--55\]Height (cm)177.6 ± 6.05181.5 ± 5.26179.6 ± 5.92Weight (kg)77.2 ± 5.47277.47 ± 5.35977.36 ± 5.359BMI (kg/m^2^)24.52 ± 1.88423.56 ± 1.73924.02 ± 1.855[^1][^2] Table 2Disposition of Subjects (Randomized Set)Number (%) of SubjectsTreatment Sequence I (PFS/AI)Treatment Sequence II (AI/PFS)Totaln (%)n (%)n (%)Randomized24 (100)26 (100)50 (100)Completed Periods 1 and 223 (95.8)21 (80.8)44 (88.0)Early termination during Period 10 (0.0)4 (15.4)4 (8.0) Main reason for early termination Consent withdrawn0 (0.0)4 (15.4)4 (8.0)Early termination during Period 21 (4.2)1 (3.8)2 (4.0) Main reasons for early termination\
  Aggressive behavior\
  Positive drug screen at administration\
1 (4.2)\
\
1 (3.8)\
1 (4.2)\
1 (3.8)[^3]

PK {#S0003-S2002}
--

The six (6) discontinued subjects were excluded from the PKS. Among 44 subjects (23 in Sequence I and 21 in Sequence II), mean values of PK parameters of the PKS were similar between treatments ([Table 3](#T0003){ref-type="table"}), and no unusual PK profile was detected. The maximum value for the pre-dose level was 0.057 µg/mL, which was less than 2% of mean of C~max~, and no subject was excluded from the PK analysis because of the pre-dose concentration greater than 5% of the C~max~. The mean serum concentration-time profiles in linear and semi-logarithmic scale were superimposable ([Figure 2](#F0002){ref-type="fig"}). The statistical comparison of primary PK parameters between SB4 AI and PFS showed that the geometric LSMean ratios (90% CI) for AUC~inf~, AUC~last~, and C~max~ were 103.76% (98.36% to 109.46%), 103.97% (98.41% to 109.83%), and 104.40% (97.65% to 111.61%), respectively, with their corresponding 90% CIs within the pre-defined equivalence margin of 80.00% to 125.00% ([Table 4](#T0004){ref-type="table"}). Of 44 subjects in the PKS, a total of 12 (27.3%) subjects were included in the ≤75 kg body weight subgroup and 32 (72.7%) subjects were included in the \>75 kg body weight subgroup. The geometric LSMeans of AUC~inf~, AUC~last~ and C~max~ for the ≤75 kg body weight subgroup was numerically higher than the \>75 kg body weight subgroup for both AI and PFS treatments ([Table 4](#T0004){ref-type="table"}). The geometric LSMean ratios (90% confidence interval \[CI\]) between SB4 AI and SB4 PFS in both ≤75 kg and \>75 kg body weight subgroups were within the pre-defined equivalence margin of 80.00% to 125.00% ([Table 4](#T0004){ref-type="table"}).Table 3Pharmacokinetic Parameters (PK Analysis Set)SB4 AI (N=44)SB4 PFS (N=44)AUC~inf~ (h·µg/mL)778 ± 224753 ± 223AUC~last~(h·µg/mL)740 ± 218714 ± 214C~max~ (µg/mL)3.91 ± 1.403.76 ± 1.33T~max~ (h)65.8 (24--144)70.3 (24--122)V~z~/F (mL)10,774 ± 442111,438 ± 5425t~1/2~ (h)105 ± 12106 ± 13CL/F (mL/h)70.8 ± 25.374.3 ± 29.6[^4][^5] Table 4Statistical Comparison of Primary PK Between SB4 AI and PFS in Total Subjects and by Weight (PK Analysis Set)Treatment Comparison (Test vs Reference)PK ParameterWeightGeometric LS MeansRatio Test/ReferenceTestReferenceEstimate (%) (90% CI)SB4 AI/SB4 PFSAUC~inf~ (h·µg/mL)Total Subjects (N=44)744.1717.2103.76 (98.36, 109.46)≤75 kg (n=12)823.9816.2100.94 (92.16, 110.56)\>75 kg (n=32)706.8678.2104.21 (97.27, 111.63)AUC~last~(h·µg/mL)Total Subjects (N=44)705.9679.0103.97 (98.41, 109.83)≤75 kg (n=12)790.9781.1101.25 (92.68, 110.62)\>75 kg (n=32)667.8640.1104.33 (97.15, 112.04)C~max~ (µg/mL)Total Subjects (N=44)3.64413.4907104.40 (97.65, 111.61)≤75 kg (n=12)4.32564.3239100.04 (92.23, 108.51)\>75 kg (n=32)3.38223.2089105.40 (96.26, 115.41)[^6] Figure 2Mean serum conc-time profile in linear and Semi-logarithmic scale.**Abbreviations:** AI, autoinjector; PFS, pre-filled syringe.

Safety {#S0003-S2003}
------

A total of 50 subjects were included in the safety set. Among them, 50 subjects received SB4 AI, and 45 subjects received SB4 PFS. Overall, a single-dose administration of SB4 via AI was well tolerated, and the safety profile was comparable with PFS. The proportion of subjects who experienced TEAEs was similar between the AI and PFS groups (32, 64.0% and 21, 46.7% of subjects, respectively). The most frequent TEAEs across the 2 treatments were headache, oropharyngeal pain, pruritus, neutropenia, and rhinitis ([Table 5](#T0005){ref-type="table"}). There were no deaths, serious adverse events (SAEs), or discontinuations of the study due to TEAEs. In addition, laboratory data, vital signs, physical findings, and ECG parameters did not show any relevant changes over time that might be related to the study drug.Table 5Safety Profile (Safety Set)Number (%) of Subjects ExperiencingSB4 AI N=50SB4 PFS N=45Total N=50n (%)n (%)n (%)No AEs18 (36.0)24 (53.3)8 (16.0)One or more AEs32 (64.0)21 (46.7)42 (84.0)Pre-treatment AEs0 (0.0)0 (0.0)8 (16.0)One or more TEAEs32 (64.0)21 (46.7)40 (80.0) TEAE Severity0 (0.0)0 (0.0)0 (0.0)  Mild31 (62.0)20 (44.4)38 (76.0)  Moderate1 (2.0)1 (2.2)2 (4.0)  Severe0 (0.0)0 (0.0)0 (0.0) TEAE Causality0 (0.0)0 (0.0)0 (0.0)  Related20 (40.0)14 (31.1)26 (52.0)  Not related12 (24.0)7 (15.6)14 (28.0)One or more TEAEs leading to drug withdrawal0 (0.0)0 (0.0)0 (0.0)One or more SAEs0 (0.0)0 (0.0)0 (0.0) SAE Causality0 (0.0)0 (0.0)0 (0.0)  Related0 (0.0)0 (0.0)0 (0.0)  Not related0 (0.0)0 (0.0)0 (0.0)Deaths0 (0.0)0 (0.0)0 (0.0)[^7]

### Tolerability via Injection Site Reaction Evaluation {#S0003-S2003-S3001}

No severe injection site reactions were observed, and there were two subjects whose injection site reactions were categorized as AEs. One subject experienced redness with a severity score of 2 (moderate) on injection on Day 6 of Period 1 (SB4 AI treatment), and it resolved the next day. The other subject experienced injection site reactions during SB4 PFS treatment. The first incidence was on Day 1 of Period 2 with GIS of 3 (1 for bruising, swelling, and pain), followed by GIS of 2 (1 for bruising and itching) on Day 2, then GIS of 2 (2 for bruising) on Day 3 to Day 6, and then GIS of 2 (2 for bruising) on Day 8. All injection site reactions were resolved by Day 18 of Period 2.

Most subjects, 84.0% (42/50) in SB4 AI and 82.2% (37/45) in SB4 PFS, had GIS of 0. 16.0% (8/50) of subjects who received SB4 AI and 17.8% (8/45) of subjects who received SB4 PFS had GIS ≥1. The most frequently reported injection site reaction for the SB4 AI and PFS treatment was mild pain on Day 1 immediately after IP administration (at 0.00 hrs) (3 subjects in each treatment).

Discussion {#S0004}
==========

This study was a randomized, open-label, two-period, two-sequence, single-dose, cross-over study to demonstrate the bioequivalence of the PK profiles, safety, and tolerability between SB4 AI and SB4 PFS in healthy male subjects. This study demonstrates that the 90% CI of the geometric mean ratios between SB4 AI and PFS for AUC~inf~, AUC~last~, and C~max~ were within the pre-defined range of 80.00--125.00% and thus considered to be bioequivalent.

It is known that body weight can be a significant covariate associated with pharmacokinetics of anti-TNFs.[@CIT0016],[@CIT0017] When the current study groups were divided into the ≤75 kg and \>75 kg body weight subgroups, the higher body weight subgroup in both treatments showed 15% to 18% lower PK profiles compared to the lower body weight subgroup, and each body weight subgroup showed PK equivalence between SB4 AI and PFS. Therefore, it can be concluded that the impact of body weight on PK is the same between SB4 AI and PFS.

In terms of safety, no SAEs were observed, and the proportion of subjects who experienced TEAEs was similar between the SB4 AI and SB4 PFS treatment (64.0% and 46.7% of subjects, respectively).

Treatment with etanercept can lead to injection site reactions including bruising, erythema, itching, pain, and swelling.[@CIT0018] In this study, most subjects had no injection site reactions at any time point during the study and most of the reactions were mild in severity.

Previous studies have shown that AI is considered to be easier and more convenient to use compared to PFS in chronic conditions.[@CIT0010],[@CIT0019]--[@CIT0021] Rheumatoid arthritis is a chronic, systemic disease leading to progressive joint destruction.[@CIT0022] It is estimated that 80--90% of patients with rheumatoid arthritis have their hands and wrists affected.[@CIT0023] Thus, offering a device that can accommodate self-injection for patients with hand and wrist involvement is important.

The SB4 AI has demonstrated that it offers convenience to patients. In a recent study, 220 patients with rheumatoid arthritis from Europe were surveyed through fact-to-face questionnaire-interview. Most patients (74%) reported that they prefer to use SB4 AI over reference etanercept AI due to the following factors: "Easy to operate" and "button-free autoinjector".[@CIT0024] Similarly, when patients, nurses, and rheumatologists in Australia and Canada were shown how to use SB4 AI and reference etanercept AI and asked to fill out brief paper-and-pencil questionnaires, results showed that patients and health-care professionals were significantly more likely to indicate a preference for SB4 AI than reference etanercept AI for "ease of use".[@CIT0025] Nurses and rheumatologists indicated that SB4 AI is simpler to learn and easier to use, thus it has the potential to reduce the time taken in training session.[@CIT0025] With the benefit of convenience, SB4 AI can potentially increase medication adherence in patients with rheumatologic conditions.

Conclusions {#S0005}
===========

SB4 AI and PFS demonstrated equivalent PK parameters, tolerability, and safety in healthy subjects. Based on these results, it can be postulated that SB4 is well-tolerated, safe and effective when administered by either delivery method.
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[^1]: **Notes:** Indicated otherwise data are presented in mean ± standard deviation.

[^2]: **Abbreviations:** AI, autoinjector; BMI, body mass index; PFS, pre-filled syringe.

[^3]: **Abbreviations:** AI, autoinjector; PFS, pre-filled syringe.

[^4]: **Notes:** Data are presented in (mean ± standard deviation) except T~max~ which is presented in median (min -- max). 6 subjects from the PK population were excluded from PK analysis.

[^5]: **Abbreviations:** AI, autoinjector; AUC~inf~, area under the concentration--time curve from time zero to infinity; AUC~last~, area under the concentration--time curve from time zero to the last quantifiable concentration; Cmax, maximum concentration; CL/F, apparent clearance; PFS, pre-filled syringe; PK, pharmacokinetic; t1/2, terminal half-life; Tmax, time to reach Cmax; Vz/F, apparent volume of distribution.

[^6]: **Abbreviations:** AI, autoinjector; AUC~inf~, area under the concentration--time curve from time zero to infinity; AUC~last~, area under the concentration--time curve from time zero to the last Quantifiable concentration; Cmax, maximum concentration; PFS, pre-filled syringe; PK, pharmacokinetic.

[^7]: **Abbreviations:** AE, adverse event; AI, autoinjector; PFS, pre-filled syringe; SAE, serious adverse event; TEAE, treatment-emergent adverse event.
